Introduction

Measurement
of the activity of total alkaline phosphatase [orthophosphoric monoester phosphohydrolase (alkaline optimum); EC 3.1.3.1] (1) in serum has proven to be a valuable laboratory test in medicine for more than half a century. Here, we will discuss only methodology, and not the many physiological and pathological processes of bone, liver, and placenta causing changes in the total and isoenzyme fractions of the circulating alkaline phosphatase(s) found in serum. Information concerning the clinical significance of the measurements can be found in review articles (2-4) and in a comprehensive monograph by the Submitters (5).
Principle
The method described here is based on experiments published earlier (6, 7) and experience gained in the daily use of the procedure in the Submitters' laboratory over the past decade. The simplified equation for the reaction, which is in reality more complicated, consisting of at feast three steps (5), can be shown as: Materials, NaHCO3INa2CO3 (No. 191 and 192, respectively) . These are used as a 25 mmol/kg solution having a pH of 9.968 at 30 #{176}C. The slope of the pH meter should be adjusted with NBS borax buffer (SRM No. 178a ). This is used as a 10 mmol/kg solution having a pH of 9.139 at 30 #{176}C. A glass electrode characterized by low sodium error should be used.
Mg2 cannot be included in reagent 1 because turbidity appears, believed to be a magnesium hydroxide precipitate.
Mg2 is added at the same time as the final addition of substrate, because this turbidity has not been observed in the presence of serum. Hemolysis does not change the activity noticeably, probably because there is so little alkalinephosphatase in erythrocytes (17). Both increases and decreases in alkaline phosphatase activity have been reported after storage of human serum, but these changes depend on the conditions (17). As long ago as 1932 Bodansky reported a 20% increase in activity in human serum alkaline phosphatase activity after the specimen was refrigerated for 24 h (18). The increased activity in serum kept at room temperature for lessthan 4 h after venipuncture probably does not exceed 1 or 2%. Indeed, the Submitters find that some specimens have no measurable change in activity after storage at 25 #{176}C for 120 h.
In marked contrast to freshly-drawn serum, the activity in previously frozen pooled human serum and in reconstituted lyophilized control materials is decreased relative to the original serum or control material immediately after thawing or reconstitution.
The activity then increases and the rate of this in-6 If the value obtained on an instrument varies by more than ±1% from that given above, the observed value should be used to calculate the activity if one can rationally explain the difference (e.g., use of round instead of square cuvettes). Procedure 1. Add 0.10 ml of sample from a "to-contain" pipet to 2.70 ml of buffer in a 12 X 100 mm test tube. Wash out the pipet twice and mix the aliquot and rinsings thoroughly (alternatively, a calibrated mechanical dilutor/pipet may be used). Place this mixture in a 30.0 #{176}C water bath and let it stand for at least 5 mm before step 2, to be sure it has reached constant temperature.
2. Start the reaction by adding 0.20 ml of substrate, previously warmed to 30 #{176}C, and mix thoroughly.
3. Transfer to a preheated parallel-faced (square) cuvette with internal light path of 1.00 cm and place in the temperature-controlled compartment of a spectrophotometer.
If the reaction temperature is not 30.0 ± 0.10 #{176}C, the temperature should be recorded and appropriate corrections made.
4. Continuously record the absorbance at 402.5 nm or, alternatively, record it at regular intervals of 30 s for a total of 300 s vs. a buffered substrate solution as the blank (2.80 ml of buffer plus 0.20 ml of substrate). In certain instances, nonlinear progress curves have been observed under the conditions of this assay. It is therefore imperative that only the initial linear portion of the progress curve be used to calculate the enzyme activity. This nonlinearity is more pronounced and is observed earlier when higher substrate concentration or higher reaction temperatures are used. 8The Commission on Biochemical Nomenclature (CBN) has recommended that this unit (U) "be discouraged progressively so that it may eventually be abandoned" in favor of the more consistent SI unit (katal, abbrev. kat) corresponding to an activitythat converts 1 mol per sec (se ref. 1 and 9 ). 1 kat = 6X 10 U, or 1 U = 16.67 nkat. The relatively high molecular activity of alkaline phosphatase with the substrate p -nitrophenyl phosphate in 2-amino-2-methyl-1-propanol buffer and the high molar absorptivity of the product, p -nitrophenol, combined to make this substrate and buffer system the most sensitive of those tested for measuring alkaline phosphatase activity in serum. One consequence of this sensitivity is that many workers (6, 28-31) have developed continuous monitoring techniques by which the progress of the reaction is followed spectrophotometrically during the initial period of the reaction as p -nitrophenol is formed under alkaline conditions near pH 10. The final reaction conditions were determined by using the alkaline phosphatase(s) of a twice-frozen filtered pool of human serum (32). The major isoenzymes of this pool originated from liver or bone, or both, with only minor contributions from intestine, placenta, and other sources, because the pool consisted of sera from more than 5000 hospitalized nonpregnant patients, most of whom were fasting. Hausamen et al. (33) and McComb and Bowers (7) noted that the buffers diethanolamine and ethylaminoethanol, respectively, increased the rate of activity to two-to fourfold that observed in 2-amino-2-methyl-1-propanol buffer, because of accelerated transphosphorylation (see Figure 3) . Subsequently diethanolamine has received considerable attention as a buffer for a reference method (34, 35) ; however, we (16) and others9 have shown that a contaminant (probably monoethanolamine) causes significant loss of activity in some lots of diethanolamine.
No similar loss of activity has been identified in six separate lots of 2-amino-2-methyl-1-propanol buffers, purchased from several suppliers (16).
The complex relation between the p -nitrophenyl phosphate substrate concentration and pH in deterPersonal communication with individuals and preliminary reports of working groups in Denmark, England, France, West Germany, and the United States. mining maximal activity of alkaline phosphatase(s) in pooled serum material is illustrated in Figure 4 . A pH of 10.30 at 30 0C was chosen for this method, because at this pH and at 15 mmol/liter substrate concentration the activity first reaches a plateau and because this is the highest pH at which no denaturation is evident (6, 7). Once the buffer concentration is fixed at 0.8 mol/liter and pH at 10.3 ( Figure 5 ), no further increases in activity of pooled human serum can be obtained'0 unless substrate concentrations markedly greater than 15 mmol/liter are used. Table 2 gives the alkaline phosphatase activity found in crude tissue extracts of human organs obtained at autopsy."
As the data in Table 2 in serum enzyme activity that originates from the intestine after fat ingestion. The precision of this method by the manual technique described has been studied in the Submitters' laboratory by repeated measurements of the alkaline phosphatase activity in pools of human sera that had been stored frozen for at least one month (32 
